This review examines the evidence for the role of whole grain foods and legumes in the aetiology and management of diabetes. MedLine and SilverPlatter ('Nutrition' and 'Food Science FSTA') databases were searched to identify epidemiological and experimental studies relating to the effects of whole grain foods and legumes on indicators of carbohydrate metabolism. Epidemiological studies strongly support the suggestion that high intakes of whole grain foods protect against the development of type II diabetes mellitus (T2DM). People who consume B3 servings per day of whole grain foods are less likely to develop T2DM than low consumers (o3 servings per week) with a risk reduction in the order of 20-30%. The role of legumes in the prevention of diabetes is less clear, possibly because of the relatively low intake of leguminous foods in the populations studied. However, legumes share several qualities with whole grains of potential benefit to glycaemic control including slow release carbohydrate and a high fibre content. A substantial increase in dietary intake of legumes as replacement food for more rapidly digested carbohydrate might therefore be expected to improve glycaemic control and thus reduce incident diabetes. This is consistent with the results of dietary intervention studies that have found improvements in glycaemic control after increasing the dietary intake of whole grain foods, legumes, vegetables and fruit. The benefit has been attributed to an increase in soluble fibre intake. However, prospective studies have found that soluble fibre intake is not associated with a lower incidence of T2DM. On the contrary, it is cereal fibre that is largely insoluble that is associated with a reduced risk of developing T2DM. Despite this, the addition of wheat bran to the diets of diabetic people has not improved indicators of glycaemic control. These apparently contradictory findings might be explained by metabolic studies that have indicated improvement in glucose handling is associated with the intact structure of food. For both grains and legumes, fine grinding disrupts cell structures and renders starch more readily accessible for digestion. The extent to which the intact structure of grains and legumes or the composition of foods in terms of dietary fibre and other constituents contribute to the beneficial effect remains to be quantified. Other mechanisms to help explain improvements in glycaemic control when consuming whole grains and legumes relate to cooking, type of starch, satiety and nutrient retention. Thus, there is strong evidence to suggest that eating a variety of whole grain foods and legumes is beneficial in the prevention and management of diabetes. This is compatible with advice from around the world that recommends consumption of a wide range of carbohydrate foods from cereals, vegetables, legumes and fruits both for the general population and for people with diabetes.
Introduction
Prevalence rates of type II diabetes mellitus (T2DM) have been escalating throughout the world, to an extent that the condition is considered to have reached epidemic proportions in many countries. While the highest prevalence rates appear to occur among indigenous peoples who have undergone rapid changes in their lifestyle, all populations have been affected to some extent. The greatest number of cases of T2DM within the next 20 years is predicted to occur in China and India, countries that earlier probably had relatively low rates of diseases that were considered to be associated with Western affluence. Diet is implicated in the aetiology of T2DM. Energy intake in excess of requirements, high intakes of saturated and trans fatty acids, and high intakes of fibre-depleted refined grain foods have been proposed as contributory factors. Obesity, especially when the excess adiposity is centrally distributed, and reduced physical activity are well-established risk factors for the development of T2DM. However, the roles of individual dietary components as promotive or protective factors are less clearly established. Sucrose, other sugars and rapidly digested starches may have an indirect role by promoting obesity (WHO/FAO, 2003) . High intakes of fat, especially saturated fatty acids may increase resistance to the action of insulin, the underlying abnormality in many cases of T2DM, as well as promoting a high-energy intake (Maron et al, 1991) . The suggestion that whole grain foods might protect against the development of diabetes as well as being useful in the management of people who have already developed T2DM is relatively recent Mann, 2001 Mann, , 2002 .
The first documented dietary prescription in the treatment of presumed diabetes appeared in the Papyrus Ebers, written around 1500 BC. The use of wheat grains, grapes, honey and berries was advocated (Leeds, 1979) . Before the discovery of insulin in 1921, several other dietary treatments had been tried in the management of diabetes. These ranged from diets high in carbohydrates to replace lost sugar, to diets that virtually excluded carbohydrates by the strict use of animal foods to facilitate the substitution of fat and protein for carbohydrate. Some diets involved near starvation (Vinik et al, 1997) . Presumably most of the patients being treated were those with type I diabetes mellitus (T1DM) and exogenous insulin provided the means for logical therapy and a more liberal intake of dietary carbohydrate. There are also some descriptions of overweight patients who presumably suffered from what would now be diagnosed as T2DM and they too were given widely differing dietary advice. A recent Food and Agriculture Organization (FAO)/World Health Organization (WHO) report recommends that the bulk of carbohydrate-containing foods consumed be those rich in nonstarch polysaccharides and with a low glycaemic index (GI), and that appropriately processed cereals, vegetables, legumes and fruits are particularly good food choices (FAO/WHO, 1998) . Diabetes organisations in many countries have generally endorsed this approach in their advice for treatment of both types of diabetes as well as for reducing the risks of T2DM (Diabetes Australia, Diabetes UK, American Diabetes Association, European Association for the Study of Diabetes), although the United States has not wholeheartedly endorsed the concept of the GI. Furthermore, there is no consistent advice regarding the optimal proportion of total energy that should be provided by carbohydrates. The European Association for the Study of Diabetes (EASD) suggest that this may be based upon cultural or personal preference and nature of the metabolic abnormality (Anon, 2000) . There is also no general agreement with regard to the proportions of total carbohydrate that should be provided by intact whole grain and legume foods, and processed foods from these sources. This issue is of considerable importance in societies consuming much of their carbohydrate from processed food sources.
Defining the term ''whole grain'' has presented difficulties both in terms of analysing and interpreting research studies and in making recommendations. Several epidemiological studies have defined whole grain foods as those products that comprise Z25% whole grain content or bran by weight (Liu et al, 2000; Meyer et al, 2000; Fung et al, 2002; McKeown et al, 2002) . The United States Food and Drug Administration (FDA) require foods to contain 451% by weight of whole grain ingredients in order for health claims to be made in respect of whole grains and disease (FDA, 1999) . It has been suggested that analysing the product for its fibre content may provide a check of compliance with the requirement for overall whole grain content. However, neither of these definitions takes account of the structure of the grain. This property is important to the glycaemic response to food. For example, popcorn is made from a whole kernel of corn but has a disrupted structure. The GI of whole corn is 5374 whereas plain popcorn has a GI of 7277 (Foster-Powell et al, 2002) . Milling of wheat efficiently separates the bran, germ and endosperm to produce a finely ground flour (Campbell & Penfield, 1979; North American Millers Association, 2000) . Reconstitution of the separated parts produces ''wholemeal flour''. However, bread made from finely ground wholemeal flour has a GI of 7172 (mean of 13 studies), no different to that of white bread (Foster-Powell et al, 2002) . In contrast, bread containing a substantial proportion of whole or cracked wheat kernels has a GI some 20-30% lower than white bread (Foster-Powell et al, 2002) . Grain structure therefore affects the metabolism of the carbohydrate content possibly by influencing the rate of digestion and absorption. The fact that grain structure is seldom taken into account in epidemiologic and dietary intervention studies makes interpretation of the scientific literature imprecise. Nevertheless, this paper reviews existing research regarding cereal grain foods and legumes in the prevention and management of diabetes and considers the extent to which existing recommendations might be strengthened to take new information into account.
Epidemiology
The earliest suggestion that refining whole foods may be implicated in the aetiology of T2DM stems from observations that the frequency of diabetes increased in populations as unprocessed or lightly processed foods were replaced by refined products (Trowell, 1978) . In support of his observations made in East Africa, Trowell described the British experience with the less processed ''National flour'' which replaced refined grains between 1940 and the mid-1950s (Trowell, 1974) . Coincident with its introduction, the diabetes death rate fell and rose again after the use of National flour had ceased. Many other lifestyle-related factors could have contributed to these temporal changes, but Trowell's work greatly influenced subsequent research.
(1998). Both men and women reported a greater intake of refined grains (22.0 and 18.5 servings/week) than whole grains (8.3 and 8.8 servings/week), respectively. Inverse associations across quintiles of whole grain intake were found for body mass index (P for trend ¼ 0.06), waist-to-hip ratio (P ¼ 0.005) and fasting insulin (P ¼ 0.03). These associations could not be explained by potential confounding factors (eg: age, sex, smoking, physical activity).
Prospective studies
Three large prospective studies carried out in the United States have examined the effect of whole grain foods on T2DM (Table 1 ). The definition of ''whole grain foods'' was the one suggested by Jacobs et al (1998) and a serving size was based on commonly used units, for example, one slice of bread or 1 cup of breakfast cereal. After adjustment for potential confounding factors, people consuming around 3 servings per day of whole grain products had a risk reduction in the order of 20-30% compared with low consumers of whole grain products with a dose-response across quintiles of whole grain food intake (Liu et al, 2000; Meyer et al, 2000; Fung et al, 2002) . A smaller study carried out in Finland did not find a statistically significant difference in incident T2DM when comparing consumers of whole grain foods above and below the extreme quartiles of intake, although there was a trend suggesting a reduced risk of developing T2DM among larger consumers of whole grain foods (Montonen et al, 2003) . Adding dietary glycaemic load into the models did not change the association between whole grain food intake and incident T2DM (Liu et al, 2000; Meyer et al, 2000) . Intake of insoluble fibre was inversely associated with T2DM risk, whereas intake of soluble fibre was not strongly associated with risk . Fung et al (2002) found that after adjustment for cereal fibre, magnesium intake, and glycaemic load, that the inverse association between whole grain food intake and risk of T2DM was largely explained by cereal fibre. Liu et al (2000) calculated a ratio of refined:whole grain food intake and found a trend across quintiles for incident T2DM. Risk increased as the ratio of refined:whole grain food intake increased. After adjustment for age and energy intake, women in the highest quintile of refined whole grain food intake had a 57% (95% CI: 36, 82) greater risk of incident T2DM compared with women in the lowest intake ratio (ie: greater risk for low consumers of whole grain foods or high consumers of refined grain foods). Other prospective studies that have found an inverse association of incident T2DM with increasing intake of whole grain foods have not found a positive association with refined grain intake Fung et al, 2002 ). This appears contradictory because a high consumer of whole grain foods might, almost by definition, be expected to be a low consumer of refined grain foods. However, the definition of whole grain used in the studies was a product that contained Z25% whole grain or bran by weight (Jacobs et al, 1998) . Thus, a person Significantly different relative risk in high consumers (comparison of groups above or below the extreme percentiles of grain intake (quintiles in the USA studies, quartiles in the Finnish study).
consuming 3 servings/day of a whole grain product in which whole grain was not the major constituent part (ie: 25-49%) would have been classified as a high consumer of whole grain foods despite the majority of the product being made up of non-whole grain material. Montonen et al (2003) used a definition of whole grain foods that was restricted to products that contained grains (as opposed to bran products) and applied mainly to breads, flours and minimally disrupted grain products such as porridge, gruel and a traditional rice pudding. It was suggested that this difference in classification better differentiated whole grain intake from refined grain intake than in previous studies. Despite this, there was an inverse association between incident T2DM for both whole grain food intake (P for trend ¼ 0.02) and refined grain food intake (P for trend ¼ 0.05). Thus, although there is some evidence that a high intake of refined grain food is associated with an increased risk for developing T2DM (Liu et al, 2000) , this is not a consistent result. Unravelling the effects of whole-and refined-grain intakes on incident T2DM is likely to require a definition of whole grain that incorporates grain structure. In addition, the analysis should take account of the absolute intake of whole grain to separate out the effect of the refined grain content of the food. Only one of these studies reported legume intake . Neither fibre from legumes nor intake of mature beans was related to incident diabetes. However, dietary intake, as defined by extreme quintiles, of total grains (o13-433 servings/week) far exceeded that of legumes (o1.5-44.5 servings/week). Thus, in this population of North American women living in Iowa the intake of legumes may have been too small to show an effect on diabetes risk.
Dietary data on cereal fibre intake, as distinct from whole grain food intake, were collected from 42 759 men and 65 173 women (Salmeron et al, 1997a, b) . During 6 y of follow-up, 523 men and 915 women were diagnosed with T2DM. When comparing people above or below the extreme quintiles of cereal fibre intake, there was a 30% (95% CI: 4, 49) and 28% (95% CI:10, 42) reduction in risk of incident diabetes for the men and women, respectively. The greatest risk occurred in people with diets that had a high dietary glycaemic load (GI Â amount of carbohydrate) and a low intake of cereal. Stevens et al (2002) recorded the dietary intakes of 12 251 middle-aged men and women. During 9 y of follow-up, 1447 cases of diabetes were reported (Stevens et al, 2002) . Cereal fibre was inversely associated with risk of diabetes in white and African-American subjects but statistically significant only in white people with a hazard ratio of 0.75 for diabetes (95% CI: 0.60, 0.92) comparing people above or below the extreme quintiles of cereal fibre intake. Of the prospective studies that analysed dietary intakes for different forms of fibre, none found an association between soluble fibre and/or fibre derived largely from fruit and vegetables, and incident T2DM (Salmeron et al, 1997a, b; Meyer et al, 2000; Stevens et al, 2002; Montonen et al, 2003) .
The issue as to whether protection against T2DM is afforded by cereal fibre intake or from whole grain intake, or whether both factors make an independent contribution, cannot be definitively determined from these studies. However, an indication that whole grain food is beneficial was found in The Iowa Women's Health Study in which 11 040 women were matched on total grain fibre intake . A lower mortality rate (RR 0.83, 95% CI 0.73, 0.94) was found among women consuming predominantly fibre from whole grain foods compared with women consuming a similar amount of fibre predominantly from refined grain sources . A number of dietary and physical characteristics were different between the groups so that it would not be possible to attribute the lower rate of mortality to fibre source alone. None of the prospective studies attempted to determine whether grain structure (intact or disrupted) was associated with incident T2DM. Nevertheless, the results are consistent with the suggestion that consumption of whole grain foods imparts health benefits over and above the effect of fibre.
Short-and medium-term dietary intervention studies
Dietary intervention studies were selected if it was possible to determine that whole grain foods and/or legumes had been compared with more refined sources of carbohydrate (Table 2 ). Adding such foods into a diet can be achieved by carbohydrate displacement of other foods (usually fatty foods) or by replacing refined products with whole grain foods. Early intervention studies were often designed to increase the carbohydrate content and reduce the fat content of a diet. In later studies, the carbohydrate content of test diets was kept constant but the type of carbohydrate and/or structure of the food differed between diets. In studies where the aim was to increase dietary fibre content, fruit and vegetables were often increased in addition to unrefined grains. Whole grain foods have also been used in investigations to determine whether low GI foods lower blood glucose levels in healthy people and in those with diabetes. Such studies often involved increased use of pasta as well as legumes and unrefined grain foods. Different studies have involved the use of the major grains (wheat, rice, rye, oats, barley, corn), legumes (beans, lentils, peas), and whole fruit. Typically, these foods have been used in combination with each other making it difficult to disentangle the effects of individual foods. Thus, most of these studies do not provide a clear indication as to which food or combination of foods has a beneficial influence over carbohydrate metabolism, or whether food structure is important in this respect.
The majority of studies listed in Table 2 show some improvement in measures of glucose metabolism in association with the use of unrefined foods. Improvements include the discontinuation or reduction in insulin or oral hypoglycaemic agents, fewer hypoglycaemic events, lowering of fasting blood glucose, lowering of glycosylated protein concentrations, and reduced urinary glucose and C-peptide output. Apart from these positive outcomes, several studies Cereal grains, legumes and diabetes European Journal of Clinical Nutrition monitored metabolic profiles over a number of hours and showed improved glucose control and lower insulin responses over a prolonged period (Simpson et al, 1979a (Simpson et al, , b, 1981 Brand et al., 1991; Järvi et al, 1999) .
Improvements in insulin sensitivity have been shown in a number of ways. In a crossover study using low (control) and high carbohydrate diets, Ward et al (1982) found greater monocyte insulin receptor binding after the high carbohydrate diet compared with the control period. Hjollund et al carried out intravenous insulin tolerance tests in people with T2DM and found that in vivo insulin action (expressed as a rate constant for plasma glucose disappearance) had increased in the group receiving a low-fat, high-starch, highfibre diet compared with baseline, while no change had occurred in the control group. In vitro, adipocyte and monocyte insulin receptor binding had increased in the experimental dietary group (Hjollund et al, 1983) . Fukagawa et al used the euglycaemic clamp in a crossover study comparing a usual diet (control) with a high-carbohydrate high-fibre diet, in nondiabetic men. Mean glucose disposal was 43% higher after the high-carbohydrate high-fibre dietary period compared with the control period (Fukagawa et al, 1990) . Jang et al compared glucose handling in a group receiving a white rice breakfast (control group) with a group receiving a powdered breakfast made from coarsely ground whole grains and legumes (powder group). Comparison of net differences between the two groups showed that the glucose and insulin response areas following an OGTT were lower in nondiabetic subjects after receiving the powder breakfast. Using the homeostasis model assessment (HOMA), insulin resistance and b-cell function were improved in the powder group relative to the control group in nondiabetic subjects (Jang et al, 2001 ). Pereira et al compared insulin sensitivity in overweight people with T2DM on diets that incorporated refined or whole grains. A greater rate of glucose infusion was achieved during a euglycaemic hyperinsulinaemic clamp test on the whole grain diet . McAuley et al placed normoglycaemic insulin-resistant adults on a diet and exercise intervention programme that included increased consumption of whole grain foods. Weight loss and enhanced insulin sensitivity using the insulin clamp technique was demonstrated on an intensive lifestyle intervention programme (McAuley et al, 2002) . Chandalia et al (2000) and Giacco et al (2000) showed improved measures of glycaemic control in people with diabetes by increasing the dietary fibre content. Although the authors attributed the improvement in glycaemic control to an increased intake of dietary fibre, much of the additional fibre was contained in whole foods having an intact structure. These studies therefore do not rule out the possibility of an independent effect of food structure on glycaemic control. The effect of food structure was examined by Järvi et al (1999) in a study where the dietary fibre content was kept constant but the overall dietary glycaemic index (dietary GI) differed between two diets, achieved largely by Cereal grains, legumes and diabetes BJ Venn and JI Mann altering the food structure. The low and the high GI diets were sufficiently different from the subjects habitual diets to improve glycaemic control during both the dietary periods. Additional improvements were also found between diets. After the low GI dietary period, serum fructosamine concentrations and plasminogen activator inhibitor-1 activity were lower compared with the high GI period. A difference between baseline and postintervention HbA 1C concentrations was found only after the low GI diet. Two studies reported no changes in glycaemic control after dietary intervention. Hollenbeck et al provided six women with T1DM with diets that theoretically differed substantially in their carbohydrate and fat content. The high carbohydrate diet contained 65% carbohydrate and 20% fat and in theory included brown rice, legumes, lentils and whole grain breads and cereals. In contrast to most other studies, participants selected prepared foods during the control and high carbohydrate periods. Food choices were similar during both the dietary periods; beans and lentils that had been provided during the high carbohydrate period were not generally chosen. Thus, failure to consume sufficient quantities of the whole grain and legume foods may have accounted for the lack of effect (Hollenbeck et al, 1985) . In a second study, Hollenbeck et al provided six people with T2DM with prepared meals differing in fibre content in a crossover study. During the high-fibre period, exchanging white bread with whole wheat bread, fruit juice with whole fruit, and refined cereals with whole grain cereals provided the additional fibre. Peanuts were included as a snack. No difference in measures of glucose and lipid metabolism was observed between the two diets. A sample 1-day menu showed that the exchange foods accounted for a relatively small proportion of the daily food intake. Indeed, there appeared to be reluctance by the investigators to make large dietary changes, claiming that dietary fibre intake had been increased to ''acceptable and practical limits''. Thus, once again it seems likely that the amounts of unrefined foods used were insufficient to produce changes in glucose handling . Parillo et al reported a ''remarkable'' improvement in blood glucose control on a diet containing grains and legumes in diabetic patients with chronic renal failure. However, a note of caution was expressed concerning the high dietary phosphate content of the diet that may be inappropriate in uremic patients (Parillo et al, 1988) .
Considering the scope of these dietary intervention studies, there is little doubt that diets containing substantial intakes of whole grain foods, fruit, vegetables and legumes are associated with an improvement in insulin sensitivity and other indicators of carbohydrate metabolism including improved glycaemic control in people with diabetes. The studies reviewed here do not provide any clear indication as to which component(s) of whole grains or legumes produce these beneficial effects, although the study by Järvi et al (1999) suggests that the structure of the grain is important. Owing to dietary modifications that included changes in intake of a variety of foods, it is not possible to draw conclusions regarding individual foods.
Long-term dietary intervention studies
Turner et al compared the effectiveness of a low-fat, highcarbohydrate, high-fibre diet, and hypoglycaemic drug treatment on glycaemic control in newly diagnosed T2DM. After 9 y of follow-up, only 8% of diet-treated subjects had fasting plasma glucose o7.8 mmol/l. In contrast, 24% of subjects assigned to sulphonylurea treatment had fasting plasma glucose o7.8 mmol/l. No details of dietary compliance were provided nor was it stated whether the use of whole grain foods had been encouraged (Turner et al, 1999) . Story et al instructed 14 men with diabetes (three T1DM, 11 T2DM), all of whom were using insulin, to consume a highcarbohydrate, high-fibre diet and monitored their glycaemic control during a 4 y period. Consumption of whole grain breads and cereals, dried beans, vegetables and fruit was encouraged. Insulin therapy was discontinued in all of the type II subjects although sulphonylurea therapy was subsequently introduced to five of the 11 subjects. Changes in insulin doses in type I subjects appeared to be related to adherence to diet (Story et al, 1985) . However, these findings need to be interpreted with caution since the study was uncontrolled. Lifestyle intervention programmes involving exercise and dietary advice have shown reductions in incident diabetes (Pan et al, 1997; Tuomilehto et al, 2001; Anon, 2002; Knowler et al, 2002) . In these studies, people with impaired glucose tolerance (IGT) were randomised to intervention groups or to a control group. Healthier eating was encouraged in all studies with the frequent consumption of whole grain foods specifically mentioned in the study by Tuomilehto et al (2001) . Incident diabetes was reduced by 31-58% in the intervention groups relative to the control groups.
Thus, long-term dietary intervention studies provide confirmation that dietary modification can reduce the risk of progression from IGT to T2DM, and produce sustained benefit in people with diabetes. However, due to changes in several components of the diet it is not possible to determine to what extent the increased intake of whole grain foods and legumes might have contributed. Nevertheless, it should be noted that the benefit of lifestyle change was greater than expected from the relatively small weight reduction.
Mechanisms
Understanding the mechanisms by which whole grains and legumes might improve glycaemic control may facilitate the formulation of more specific dietary recommendations aimed at reducing risk of developing diabetes as well as treating those who have diabetes, than is possible at present.
Cereal grains, legumes and diabetes
Grain size and structure The postprandial glycaemic response to grains having an intact structure would appear to be lower than when the grain structure has been disrupted (Table 3) . Liljeberg et al (1992) also found lower insulin responses to test meals comprising 80% intact barley grains compared with food made from wholemeal barley flour. Although grain structure is the most likely explanation for the measured differences in glycaemic response, different methods of preparation and cooking (eg: boiling compared with baking) might also have had an effect. The size of grains or their products would appear to have a complex association with digestion and absorption. For example, the glycaemic response to whole wheat kernels was no different to that of cracked wheat kernels . A possible explanation is that a whole grain of wheat is crushed during chewing whereas cracked wheat particles, having a smaller size, may be difficult to disrupt further. In theory, similar sized particles might be delivered to the small intestine thereby eliciting a similar glycaemic response. The extent of grinding provides another example of the effect of grain particle size on absorption and digestion. Postprandial glucose and insulin responses were lower in healthy people and in people with T2DM after consuming scones made from coarsely ground flour (40% of the wheat particles retained on a 1 mm sieve) compared with finely ground flour (Heaton et al, 1988; O'Donnell et al, 1989 ). This effect is likely to be due to less starch being digested and absorbed in the small intestine since in nondiabetic patients with ileostamies, the starch content of the effluent was 42% higher after the coarsely ground compared with the finely ground flour meal (O'Donnell et al, 1989) . A slow rate of starch hydrolysis using ''stone ground'' flour has been attributed to an amylase inhibitor naturally present in the wheat germ (Snow & O'Dea, 1981) . The process of passing the wheat through a roller mill appears to eliminate the amylase inhibitor activity because the starch in wholemeal flour, which included milled wheat germ, was hydrolysed at a rate identical to that of white flour (Snow & O'Dea, 1981) . O'Dea et al (1980) found that ground rice meals elicited much higher peak responses of glucose and insulin than meals consisting of whole grains of rice. An effect on glycaemic response is also found when comparing mixed meals having different grain structures. A meal consisting of parboiled rice, whole beans, and bread containing whole wheat grains elicited areas under the plasma insulin and blood glucose response curves that were 39 and 42% lower, respectively, compared with a meal of sticky rice, ground beans and bread made from wholemeal flour (Järvi et al, 1995) . Disruption of intact legumes also has an effect on the rate of carbohydrate digestion. Cooked white kidney beans, lentils and yellow peas had substantially lower in vitro starch digestion rates (50-75% lower) compared with ''dry milled and cooked'' pulses (Würsch et al, 1986) . The slower rate of digestion was attributed to the starch being entrapped in fibrous thickcelled walls. Similarly, the rate of starch hydrolysis was fivefold greater when using ground cooked lentils compared with cooked mashed whole lentils, while blending the lentils after cooking gave an intermediate rate (Wong & O'Dea, 1983) . In vivo, higher glycaemic and/or insulinaemic responses were found following meals of ground pulses compared with intact pulses (O'Dea & Wong, 1983; Golay et al, 1986) .
These results suggest that incomplete chewing might be partly responsible for the lower glycaemic responses to intact or partially intact grains. In support of this suggestion, microscopical examination of the digestas of in vitro digestive systems found intact kernels after bread containing whole grains had been chewed, expectorated and incubated using the digestive systems (Holm & Bjorck, 1992; Liljeberg et al, 1992) . Thus, food with an intact botanical structure may delay or render some of the starch unavailable for absorption, indicating that structural disruption of cereal grains and pulses has an effect on carbohydrate metabolism independent of the fibre content.
Fibre
There are many definitions of dietary fibre. When considered as those constituents of plant foods that escape digestion in (Jenkins et al, 1976; Doi et al, 1979; Wolever et al, 1991; Tappy et al, 1996; Lu et al, 2000) . The term soluble fibre includes a variety of compounds, some of which have gel-forming properties and others of which do not. Guar gum (galactomannan) and KonjacMannan (glucomannan) form gels having high viscosities, and it is this property that has been suggested as the mechanism by which these fibres reduce postprandial glycaemia (Jenkins et al, 1978) . When the viscous property of guar gum was removed by partial hydrolysis, the nonviscous guar added to a glucose meal had no effect on postprandial measures of glucose and insulin responses compared with a control beverage (Jenkins et al, 1978) . Of these fibre extracts, guar gum has been the most frequently used to investigate the effect of adding supplemental fibre to the diets of diabetic people. Results of these studies have been mixed, with some showing improvement in measures of glycaemic control (Aro et al, 1981; Ray et al, 1983) , while others found no effect (Cohen et al, 1980; Carroll et al, 1981) . Compliance may have been an issue, because guar gum in the quantities given was not well tolerated by all participants. Also, the method of adding fibre affects the glycaemic response, with best results obtained when fibre is mixed with food (Wolever et al, 1991) . Glucomannan added to biscuits that were given to people with insulin resistance and to people with T2DM lowered serum fructosamine concentrations and improved indicators of blood lipids, but did not lower fasting blood glucose or insulin concentrations compared with control biscuits containing added wheat bran (Vuksan et al, 1999 (Vuksan et al, , 2000 . Adding the fibre and protein fractions isolated from beans to potato flakes tested the role of fibre in starch utilisation (Tappy et al, 1986) . Various measures of in vitro and in vivo responses were lower using 50 g of starch from beans compared with responses to 50 g of starch from potato flakes that included the bean fibre fraction. It was suggested that the slow carbohydrate property of the beans might be related to structure rather than to the fibre content.
Despite some evidence therefore to suggest that an increased intake of soluble fibre improves glycaemic control, soluble fibre intake is not associated with incident T2DM in prospective studies Montonen et al, 2003) . A possible explanation is that the quantity of fibre consumed in an average diet does not contain sufficient soluble fibre, particularly of the gel-forming type, to have a distinguishable effect on glycaemic control. The range of median intakes of soluble fibre across quintiles of soluble fibre intake in 35 988 middle-aged to elderly North American women was 4-8 g/day . In contrast, long-term intervention studies in which improvement in glycaemic control has been found have provided soluble fibre (guar gum) in quantities of around 10-20 g/day (Aro et al, 1981; Ray et al, 1983; Jones et al, 1985) . It is possible to increase soluble fibre intake to this extent from dietary changes. Chandalia et al (2000) increased the average soluble fibre intake of people with T2DM from 8 to 25 g/day. Improvements in glycaemic control were attributed largely to an increase in soluble fibre intake. A glycaemic-lowering mechanism is plausible because oat bran and oatmeal were used, products that have been found to increase the supernatant viscosity of the intestinal contents of rats (Gallaher et al, 1999) . In humans, the addition of oat bran and oat gum to meals induced lower postprandial glucose and insulin responses in healthy controls and in people with T2DM compared with a wheat meal (Braaten et al, 1994) . Although increasing viscosity is a probable mechanism by which oat bran and gum slow the rate of digestion and absorption of glycaemic carbohydrate, there is also an independent effect of grain structure. Boiled oat kernels elicited lower postprandial glucose and insulin responses than cold rolled oats (muesli) or boiled rolled oat porridge . Thus, soluble fibre has been shown to have some effect on indicators of glycaemic control in supplemental form and when added as oat products, and is associated with better glycaemic control when dietary changes result in a two-fold increase in soluble fibre intake, but it is not associated with risk reduction in incident T2DM at the levels consumed in the population groups studied.
Several studies have shown that an increased consumption of total dietary fibre is associated with improvements in measures of glycaemic control (Table 2) . However, the use of whole foods as a means of increasing the dietary fibre content cannot separate the effect of fibre from that of food structure. In vitro, bread made from 80% whole wheat grains was either mechanically ground, or chewed and expectorated, before being tested using digestive systems (Holm & Bjorck, 1992) . There was no difference in the hydrolysis index between the ground grain bread (105%) and white reference bread (100%) indicating that the presence of fibre made no difference to the rate of in vitro starch hydrolysis. In contrast, the chewed sample had a hydrolysis index that was 21% lower than the reference white bread. The presence of whole or partially disintegrated grains in the digestas indicated that incomplete chewing of the grains had prevented or delayed enzymic action. In vivo, no difference in the GI was found comparing bread meals made from milled wholemeal or white wheat flour . These results indicate that the fibre contained in the bread made from milled wholemeal flour made no difference to postprandial glycaemic response. Further, the addition of wheat bran, a rich source of insoluble fibre, to the diets of diabetic people has been shown to have little effect on measures of glycaemic control (Cohen et al, 1980; Beattie et al, 1988) . A recent, well-controlled 6-month randomised crossover trial involving 23 people with T2DM found that wheat bran added to bakery products made no difference to fasting blood glucose or HbA 1C concentrations (Jenkins et al, 2002) .
Results from these metabolic and intervention studies appear to be in conflict with prospective studies that show a protective effect of cereal fibre on the development of T2DM (Salmeron et al, 1997a, b; Stevens et al, 2002) . It is possible that cereal fibre is a marker for whole grain foods. Certainly, the risk reduction of 20-30% for T2DM found in studies that have recorded whole grain intake (Table 1) is similar to the risk reduction found when recording cereal fibre intake. Resolution of this issue requires a definition of whole grain that differentiates fibre obtained from grains having an intact structure as distinct from cereal fibre that has been derived from processed grains in which the bran, including outer layers and the aleurone layer, and the germ have been separated from the endosperm. While substantial increases in soluble fibre improves glycaemic control in people with diagnosed diabetes, the role of soluble fibre in the prevention of diabetes is less clear. This may be because the range of usual dietary intake is insufficient to see an effect and that doubling or trebling soluble fibre intake is required. To help achieve this, oats and barley, and in particular oat bran, are good sources of b-glucans, soluble fibres that are highly viscous.
Cooking
Ungelatinised starch granules resist digestion by a-amylase. Gelatinisation normally occurs during cooking in a process that is dependent on available water, time and temperature. Undercooking rice produced lower in vitro digestibility and blood glucose responses compared with fully cooked rice (Panlasigui et al, 1991) . Retrogradation is a process in which gelatinised starch reassociates to form aggregate compounds that are partly resistant to attack by a-amylase. Retrogradation may occur during cooling of foods, freezing, freezedrying and storage (Englyst & Cummings, 1985) . Retrogradation and structure are plausible explanations for the lower glycaemic response reported in some studies to parboiled rice compared with nonparboiled rice . The glycaemic-lowering effect may be dependent on the extent of parboiling. Rice that had been processed using modern methods of high-temperature water steeping and pressure cooking had a GI lower than that obtained with the nonparboiled rice (Larsen et al, 2000) . The extent to which the glycaemic effect of grains other than rice is influenced by cooking has been less fully investigated. The consequences of gelatinisation and retrogradation are clearly not consistent. Incomplete gelatinisation of muesli (62%) made no difference to glycaemic or insulinaemic responses compared with cooked porridge that was essentially completely gelatinised (97-99%) . Clearly more work is required to determine the extent to which glycaemic response to food can be altered by methods of food preparation.
Amylose content
Starch is a complex glucose polymer that can be present as amylopectin, a highly branched molecule or amylose that predominantly has a linear structure. Starches with high amylose content have high gelatinisation temperature that may not be reached in conventional cooking practices and amylose retrogrades at a faster rate and to more amylaseresistant crystalline structures than amylopectin. These properties render amylose less susceptible to digestion than amylopectin and provide a means to manipulate starch digestion based on the relative proportions of the starch fractions. The proportion of starch present as amylose in different varieties of grain varies considerably, particularly for varieties of corn, barley and rice. Grains with different amylose contents have been tested to determine whether starch structure affects the rate and extent of digestibility. Postprandial glucose and insulin response curves were approximately two-fold smaller, and the rate of starch hydrolysis was slower, using corn bread made from flour extracted from a high amylose corn variety (70-75% amylose) compared with corn bread made from ''ordinary'' corn flour (25% amylose) . However, despite experimental evidence suggesting that amylose content is an important determinant of glycaemic control, several data sets suggest that the effect may not be as striking as first considered or that the structure of the grain may be relevant.
Three varieties of rice differing in amylose contents were fed to 33 healthy adults. The rices contained nil, B15% or B25% of carbohydrate in the form of amylose. The areas under the 3 h plasma glucose curves were not different among rice varieties, although the 25% amylose rice induced a lower insulin response compared with the rice varieties containing less amylose (Goddard et al, 1984) . Four varieties of barley containing 7, 33, 42 and 44% amylose as a percentage of starch were fed to healthy adults either as boiled whole kernels (all four varieties) or as ground barley porridge (the 33 and 42% varieties) (Granfeldt et al, 1994) . Despite a large variation in the amylose contents, the effect on plasma glucose and insulin responses was marginal when making comparisons among kernel meals or between the ground meals. Although a grain variety having a high amylose/amylopectin ratio might be predicted to induce a lower glycaemic response to one containing a higher proportion of amylopectin, the evidence suggests that this is not true in all cases. In the study by Granfeldt et al (1994) , an intact grain structure elicited lower glucose and insulin responses than the ground meals. Thus, the effect on measures of carbohydrate metabolism determined by structure and possibly particle size appears to be appreciably greater than the effect of starch type.
Satiety
It has been suggested that unrefined carbohydrate foods with low energy density will prolong eating time and induce satiation at a low energy intake (Weinsier et al, 1982) . Duncan et al provided 10 obese and 10 nonobese subjects with diets low or high in energy density. The low energy density diet included large amounts of whole grain foods, legumes, fruits and vegetables. All food was provided in a randomised crossover design for a period of 5 days on each diet and the subjects were encouraged to eat to satiation. Eating time was longer and satiation was reached at a lower mean daily energy intake during the low energy density diet (Duncan et al, 1983) . In studies that have replaced low carbohydrate diets with equicaloric high carbohydrate, high fibre diets, subjects have commented on the increased volume of food (O'Dea et al, 1980; Kinmonth et al, 1982; Chandalia et al, 2000) . This effect may be partly due to the larger volume of unrefined foods causing gastric distension sufficient to induce satiation at a low energy intake. Liquid meals fed to rats has shown that gastric volume rather than nutrient load in the stomach inhibits food intake (Phillips & Powley, 1996) . Apart from the bulk of food, it has been hypothesised that high glycaemic foods promote a more rapid return to hunger because of counterregulatory hormonal responses to rapid increases in postprandial glycaemia (Roberts & Heyman, 2000) . This explanation is consistent with the finding of a positive association between the particle size of wheat and satiety (Holt & Miller, 1994) . Satiety may also be influenced by substrate oxidation. A diet high in cereal and legume intake elicited a lower and delayed rise of postprandial carbohydrate oxidation and was associated with lower hunger feelings than a diet of refined carbohydrates (Sparti et al, 2000) . These studies support a role for high fibre, low glycaemic foods in promoting satiety, but although reaching satiety is a plausible mechanism whereby energy intake might be restricted, it is not clear to what extent a diet high in unrefined foods achieves this. In some large population studies, whole grain intake has been positively associated with total energy intake (Liu et al, 2000; Meyer et al, 2000) . This apparent discrepancy between whole grain foods promoting satiety in acute studies yet being positively associated with energy intake on a population basis may be explained in part by a positive association between whole grain food intake and level of physical activity (Liu et al, 2000; Meyer et al, 2000) .
Second meal effect
The ''second meal effect'' describes the glycaemic and/or other physiological responses to a ''standard'' meal fed several hours after the feeding of a previous meal. It has been shown that consumption of a breakfast having a low GI lowers the glycaemic response to a standard lunch taken 4 h later compared with the same lunchtime meal following a higher GI breakfast . A similar finding was obtained when an evening meal having a low GI lowered the following day's glycaemic response to a standard test breakfast . The reason for this effect is not known. Rapidly digested carbohydrate can result in large rises in insulin followed by rapid falls in blood glucose, leading to the suggestion that serum fatty acid release is stimulated resulting in impaired carbohydrate tolerance . Another suggested mechanism is that the fermentation of undigested carbohydrate produces short-chain fatty acids in the gut that when absorbed suppress hepatic glucose output and serum-free fatty acids (Thorburn et al, 1993) . To what extent the second meal effect might be influenced by the rate of carbohydrate digestion or by fermentable carbohydrate is uncertain. To address this question, Liljeberg et al (1999) conducted a series of experiments in which comparisons were made between high fibre/low fibre breads, spaghetti and bread (similar fibre contents), and bread with and without a spread of raw potato starch. The results showed that the content of fermentable carbohydrates did not influence glycaemia after the second meal. In another study, a second meal effect to a standardised lunch (lower blood glucose, insulin and triglycerides) was found following a spaghetti breakfast made from 100% Durum wheat compared with a white wheat bread breakfast (Liljeberg & Bjorck, 2000) . The fibre contents of the breakfast meals were not reported but typically these products have a relatively low content of fermentable fibre suggesting that the low glycaemic property of spaghetti was predominantly responsible for the second meal effect in this study. These results indicate that meals having low glycaemic indices beneficially affect the glycaemic response to the following meal.
Nutrient retention
Some minerals are partially depleted during the refining of grains. Of particular interest in diabetes is magnesium. Refining wheat to white flour results in a 33% retention of magnesium in Australian flour compared with a 15% retention in the United States (Schroeder, 1971; Mugford, 1983; United States Department of Agriculture, 2003) . Low blood levels of magnesium are associated with impaired insulin secretion and function, poor glycaemic control, and diabetic complications (Paolisso et al, 1992; White & Campbell, 1993; Rosolova et al, 1997) . Urinary excretion of magnesium is raised in people with diabetes and it has been suggested that hypomagnesaemia is a possible consequence of diabetes (Khan et al, 1999) . However, prospective studies have found both low serum magnesium and low dietary magnesium intakes to be inversely associated with the incidence of T2DM, suggesting that low magnesium intake and status predates the diabetic condition (Colditz et al, 1992; Salmeron et al, 1997a, b; Kao et al, 1999; Meyer et al, 2000) . Further, Liu et al (2000) found that the median dietary magnesium intakes of female nurses increased from 248 to 342 mg/day across quintiles of whole grain intake. The average requirement for magnesium in adult women estimated from balance studies is 255 mg/day (Institute of Medicine, 1999) . This suggests that a diet largely devoid of whole grain foods, in which grain products are consumed in amounts typified by North American nurses, may result in a marginal magnesium intake, providing a plausible mechanism whereby whole grain foods protect against T2DM. Detracting from this argument is the finding of lower bioavailability of minerals from less refined grains due to higher faecal excretion rates (Reinhold et al, 1976) . It is possible that mineral absorption is impaired by the presence of fibre and antinutrients such as phytic acid. However, a study in rats found that wholewheat flour was associated with higher magnesium absorption and bioavailability than white wheat flour (Levrat-Verny et al, 1999) . Therefore, in the case of magnesium the four-fold higher content in wholewheat flour compared with white flour more than compensated for any impairment in absorption. Magnesium intake does not fully explain the protective effect of whole grain foods, because the association between whole grain food intake and incident T2DM was still significant (relative risk 0.81, 95% CI: 0.69, 0.96) after adjustment for fibre, magnesium and vitamin E intake (Liu et al, 2000) . Thus, although results from prospective studies carried out in North America support the suggestion of a role for low dietary magnesium intakes in the aetiology of T2DM, whole grain intake has a protective effect beyond that of magnesium intake. An independent contribution to risk is difficult to assess because magnesium intake is correlated with other components of whole grain foods including fibre.
Discussion
The evidence from epidemiological studies as well as dietary intervention and metabolic studies strongly support the suggestion that whole grain foods and legumes protect against the development of T2DM and improve glycaemic control in those with T1DM and T2DM. The risk reduction is evident even when foods containing as little as 25% whole grain are consumed. Large prospective studies have consistently found that people consuming about three servings per day of whole grain foods are less likely to develop T2DM than people consuming o3 servings per week with a risk reduction in the order of 20-30% (Liu et al, 2000; Meyer et al, 2000; Fung et al, 2002) . The association is robust after controlling for other risk factors such as age, body mass index, physical activity, total energy intake, smoking and alcohol intake with a dose-response across quintiles of whole grain food intake. Randomised controlled trials using lifestyle interventions that have included the use of whole grain foods have shown the potential to delay progression of IGT to T2DM and to reduce insulin resistance. It is not possible to determine the extent to which the different aspects of lifestyle interventions contribute to improved glycaemic control. Dietary factors might include an increase in dietary fibre and magnesium intake, and a lowering of dietary GI.
Some prospective studies have found cereal fibre intake to be inversely associated with incident T2DM (Salmeron et al, 1997a, b; Stevens et al, 2002) . Fibre per se may have a beneficial effect, although these studies do not exclude the possibility that cereal fibre is a marker for another component of whole grain foods that is wholly or partially responsible for providing the benefit. The finding of a lower mortality rate among women consuming predominantly fibre from whole grain foods compared with women consuming an equal amount of fibre predominantly from refined grain sources would suggest an independent benefit of eating the whole grain over the fibre . Increasing fibre intake by increasing consumption of foods rich in fibre has been found to improve glycaemic control (Chandalia et al, 2000) . However, an independent effect of fibre cannot be assumed because foods used to provide the additional fibre also tended to have an intact structure. Adding cereal fibre alone into the diet of people with T2DM for 3 months did not improve measures of glycaemic control (Jenkins et al, 2002) .
While there are several plausible mechanisms by which whole grain foods and legumes might reduce diabetes risk and improve glycaemic control, some uncertainties remain. The evidence that whole grain foods and the largely insoluble forms of dietary fibre derived from cereals protect against T2DM is strong and consistent among prospective studies. It is possible that this protection is afforded by the intact structure of the cereal grains and pulses slowing digestion and partially restricting absorption of the glycaemic carbohydrate. Long-term benefit in diabetes prevention might also relate to differences in nutrient content between refined and unrefined grains. The strongest evidence of this is linked to the higher magnesium content of unrefined grains. While cereal-derived foods appear to be particularly beneficial in terms of reducing diabetes risk (Table 1) , the use of whole grain cereals, vegetables, pulses and fruits rich in dietary fibre and with a low GI are effective in improving glycaemic control in those who have established diabetes (Table 2) . It seems appropriate therefore to recommend in the context of both prevention and management of diabetes that a variety of whole grain foods and legumes be consumed. Of greater practical importance is the issue as to whether much additional benefit is likely to be gained from consuming the intact grain or whether most of the benefit can be derived from whole grain products that have been partially processed to facilitate consumption. Multivariate analyses of some of the epidemiological studies suggest that the constituents of whole grain account for some of the beneficial effect, an indication that is confirmed by some experimental studies. However, neither epidemiological nor experimental studies exclude a potential additional benefit from consuming the intact structure. Indeed, there is evidence from the studies of Järvi et al (1995 Järvi et al ( , 1999 that leaving the structure of the plant food intact does confer considerable benefit. Confirmation of the benefit of plant structure is required and it would certainly be possible to devise an appropriate experimental approach.
Most of the epidemiological studies showing a protective effect of whole grain foods on incident diabetes used the definition of whole grain defined by Jacobs, which does not distinguish whether the grain is intact or simply includes the appropriate constituents. Currently, there is no internationally agreed definition of whole grain food that may include a variety of products including the intact grain, cracked grain, coarsely ground grain, finely milled reconstituted grain or a blend of these constituents mixed with refined flour and other ingredients. Perhaps the best indication of the need for such a definition is wholemeal bread. Milling of the grain results in wholemeal flour that, when made into bread, has a glycaemic effect no different to that of bread made from refined white flour. Consumption of intact grains on the other hand has been shown to produce a lower glycaemic response compared with an equivalent intake of bread made from wholemeal flour . Thus, grains having an intact structure may offer a benefit in terms of glycaemic control over finely ground ''wholemeal'' products.
In the absence of agreed Food Standards, a lack of definition of whole grain products may lead to consumers in many countries being misled with regard to the potential benefits of whole grain foods. The definition developed by the American Association of Cereal Chemists may be the most appropriate interim definition until the issue has been finally resolved: ''Whole grains may be intact, ground, cracked or flaked grains where the components-endosperm, germ and bran-are present in substantially the same proportions as they exist in the intact grain.'' This definition relates to the constituents of the grain rather than to the structure and does not address the issue as to what proportion of a food must consist of whole grain in order to be classified as a whole grain food. In terms of lessening the acute effect of consuming grains on postprandial glucose metabolism, ''ground'' might best be interpreted as ''stone ground'', rather than finely milled reconstituted wholemeal flour.
When considering the benefits of whole grain foods in relation to diabetes, it is important to emphasise that cereal grains and legumes may confer benefits that extend beyond their effects on glycaemia; cardiovascular disease is a common cause of serious morbidity and mortality in diabetes. Whole grain foods have been clearly shown to be associated with a reduced risk of ischaemic heart disease (Truswell, 2002) . Part of the favourable effect may be due to lowering of lipoprotein-mediated risk, notably a reduction in plasma total cholesterol and/or LDL cholesterol and triglycerides (Järvi et al, 1999; Chandalia et al, 2000) . In addition, the reduction in plasminogen activator inhibitor-1 activity found when comparing low and high GI diets (partially accounted for by a difference in consumption of cereal grains and legumes) might explain some of the benefit via a reduction in thrombogenic risk (Järvi et al, 1999) . The most convincing experimental data supporting the benefit of cereal grains and legumes are derived from studies in which comparisons are made between them and refined carbohydrate foods in diets with comparable macronutrient composition (Chandalia et al, 2000) . However, it seems likely that even greater benefit will ensue in terms of both glucose and lipoprotein metabolism if low energy-dense unrefined foods replace an appreciable proportion of high-fat and high-sugar energy-dense foods, especially if saturated fatty acids are thereby reduced.
Given the epidemic nature of T2DM, it is important to emphasise that a diet high in unrefined cereal grain foods and legumes is appropriate for the general population as well as for high-risk families and individuals with diabetes. Thus, there should be no need for those with T1DM and T2DM to have meals that differ from those which are appropriate for the rest of the family and the community. Unfortunately, substantial barriers to achieving an increased consumption of whole grain and legume foods remain (Adams & Engstrom, 2000) . These include consumer preference for refined products, lack of availability of whole grains and whole grain products in supermarkets and restaurants, limited choice, price, lack of knowledge of health benefit, product labelling, unfamiliarity with cooking techniques, lack of recipes, familial and cultural eating habits, and reluctance to change. Substantial initiatives from the government and private sectors are needed to make whole grain foods and legumes a high priority dietary component. It is also important for health professionals and the general public to appreciate the distinction between whole grain cereal foods and legumes, and other foods relatively high in carbohydrate that are refined and rapidly digested and absorbed. In particular, there is a need for a consistent definition of the term ''whole grain'' and appropriate food standards regarding the proportion of whole grains required in a food in order for it to be classed as a whole grain food, which will together help guide consumer choices.
Summary points
Whole grain foods are protective against the development type II diabetes.
Whole grain foods and legumes improve indicators of glucose, lipid and lipoprotein metabolism in people with diabetes and in healthy people.
The acute metabolic advantage in glucose handling appears at least in part to be due to the intact structure of the grain or legume.
The extent to which the intact structure of grains and legumes contribute to the beneficial effect in terms of prevention and management of diabetes remain to be quantified.
